reported that there are more than 600 neurological disorders, with approximately 50 million Americans affected each year. [1] This suggests that neurological disorders are important public health issues now. Neurodegenerative diseases, such as dementia,
Parkinson's disease (PD), and parkinsonism, are due to the gradual and progressive loss of neural cells, leading to central nervous system (CNS) dysfunction. [1] PD, for example, is a progressive neurodegenerative disorder. [2] The progression rate of mild cognitive dysfunction due to PD to PD dementia is approximately 60% over a period of 4 years. [3] Mild cognitive dysfunction is a prodromal syndrome of neurodegenerative dementia without significant dysfunction in activities of daily living (ADLs). Notably, mild cognitive dysfunction is unspecific, as it can occur due to various diseases. [4] Definitions of mild cognitive impairment include (1) memory complaints, preferably corroborated; (2) normal general cognitive functions; (3) normal performance of ADLs; (4) impaired memory in relation to age and education; and (5) a lack of dementia. [2] Increasing evidence has shown that mild cognitive dysfunction is a transitional state between normal aging and neurodegenerative disease. [2] 
AIR POLLUTION AND NEUROLOGICAL DISORDERS
A growing body of epidemiological and clinical evidence has led to heightened concerns about the potential deleterious effects of ambient air pollution on human health. Particulate air pollutants (e.g., particulate matter [PM] of <2.5 μm in aerodynamic diameter [PM 2.5 ]) are associated with increased hospital admissions and mortality due to pulmonary and cardiovascular diseases. [5] [6] [7] Air pollutants facilitate the development of pulmonary diseases by interfering with nonspecific and specific lung defenses. [8] The increased risk of cardiovascular disease due to PM exposure was reported by the American Heart Association. [9] A study of hospital admission rates in 1999-2002 for cardiovascular and respiratory outcomes and injuries in the United States (US) found a 1.28% increase in the risk of heart failure per 10 μg/m 3 in same day PM 2.5 exposure. [7] Deaths due to arrhythmias, heart failure, and cardiac arrest were associated with long-term exposure to PM. Daily hospitalizations for heart failure were also associated with short-term changes in PM exposure. [10] Chronic air pollution exposure is also associated with an increased risk of atherosclerosis. [11] Künzli et al. showed that increases of 10 and 20 μg/m 3 in PM 10 (PM of ≤10 μm in aerodynamic diameter) were respectively associated with 5.9% and 12.1% increases in the development of atherosclerosis. [11] Accumulating epidemiological evidence indicates that pulmonary exposure to particulate air pollution is associated with neurological disorders such as loss of cognition and depression. Exposure to traffic-related pollution and black carbon was related to reductions in cognition function in older men. [12] Notably, neurological disorders were related to exposure to different size fractions of particulate air pollution.
For example, exposure to high levels of coarse PM (PM 2.5-10 ) and fine PM (PM 2.5 ) was related to faster cognitive declines as reported by the Nurses' Health Study Cognitive Cohort in the US. [13] Exposure to PM 10 was associated with symptoms of depression in elderly adults in a Korean study. [14] A previous report observed that long-term exposure to PM 2.5 was associated with depression onset in middle-aged and older women. [15] These epidemiological associations point out that particulate air pollution may be a risk factor for the onset and progression of neurological disorders, especially in aging populations.
ASSOCIATION OF PARTICULATE AIR POLLUTION WITH THE BRAIN'S STRUCTURE
Although particulate air pollution has been linked to neurological disorders, only a few studies have begun to examine pathophysiological changes caused by particulate air pollution. The Framingham Offspring Study found that elevated exposure levels to PM 2.5 were associated with smaller total cerebral brain volumes. [16] Chen et al. reported similar findings of older women with high levels of PM 2.5 exposure having significantly smaller white matter volumes in the Women's Health Initiative Memory Study. [17] They further showed that smaller white matter volumes were present in the frontal and temporal lobes and corpus callosum, but not in the hippocampus. Results from the same cohort study indicated that long-term PM 2.5 exposure might accelerate loss of both white matter and gray matter in older women. [18] Alterations of the structural integrity of the brain could be hallmarks of pathophysiological changes of particulate air pollution-induced neurological disorders; however, further studies need to examine the possible mechanisms.
AIR POLLUTION AND CENTRAL NERVOUS SYSTEM NEUROINFLAMMATION
Experimental studies observed that exposure to diesel exhaust particles (DEPs) altered motor activity, spatial learning and memory, the novel object recognition ability, and emotional behavior in the CNS. [19] [20] [21] Neuroinflammation, a nonspecific protective response, is recognized as a critical step in the response to exposure to particulate air pollution by removing injurious stimuli and initiating the healing process. [20, 22] Chronic inflammation was observed in aged brains, [23] whereas there is a further increase in brain inflammation in neurodegenerative disorders. Increasing numbers of studies have observed that exposure to particulate air pollution is able to provoke neuroinflammation. Costa et al. indicated that acute exposure to high levels of DEPs (250-300 μg/m 3 ) for 6 h induced oxidative stress, microglia activation, neuroinflammation, and neurogenesis impairment in various brain regions such as the hippocampal subgranular zone and subventricular zone. [19] Campbell et al. observed that asthmatic mice exposed to concentrated ambient particles exhibited increased inflammatory cytokines, such as interleukin-1α and tumor necrosis factor-α in brain tissues. [22] Guerra et al. further showed that exposure to different size fractions of ambient particles caused distinct physiological changes, inflammation, oxidative stress, and unfolded protein responses in the CNS, particularly in the striatum. [24] Although in vivo studies indicated that particulate air pollution causes neuroinflammation, possible lung-to-brain pathways of particle exposure remain unclear. In the specific case of particulate air pollution, a number of parameters were directly linked to particle-induced lung inflammation, specifically the particle burden and oxidative stress. [25, 26] Notably, previous studies showed that nanoparticles (<100 nm) are capable of being translocated to the brain through olfactory nerves. [27] Furthermore, inhaled particulate air pollution may directly and/or indirectly induce brain inflammation from the lungs to the brain. Notably, a study observed that exposure to traffic-related air pollution altered the brain's microvascular integrity in a high-fat diet animal model. [28] That observation suggests that particulate air pollution can cause blood-brain barrier impairment, leading to local inflammation due to particle accumulation in the brain.
AUTOPHAGY AND AIR POLLUTION-DRIVEN OXIDATIVE DAMAGE
Oxidative damage to surrounding tissues leads to the formation of highly reactive organic molecules that can nonenzymatically modify proteins and that target-specific peptide residues containing lysine, arginine, cysteine, or histidine. [29] In biological systems, soluble proteins and small soluble protein aggregates are degraded by proteasomes, whereas insoluble aggregates are sequestered into inclusion bodies or microtubule-associated aggresomes, and disposal of these aggregates occurs through the autophagic process through the lysosomal pathway. [30] Autophagy is initiated at the isolation membrane (the so-called phagophore), and coordinated actions of autophagy-related (Atg) proteins result in expansion of this membrane to form the autophagosome. [31] Ubiquitination functions as a general tag for the selective autophagy of mammalian cells. Ubiquitin-like protein conjugation systems regulate phagophore expansion. For example, Atg8 is processed by the Atg4 protease at its C-terminal amino acid(s), is activated by Atg7, and is conjugated to phosphatidylethanolamine by Atg3. [32] Autophagy receptors, such as p62 and NBR1, that simultaneously bind both mono-and poly-ubiquitinated substrates act as adaptors between ubiquitination and autophagy. [33] The autophagosome then fuses with and delivers its contents to the lysosome. An in vitro study showed that PM-driven oxidative damage was associated with increases in Atg5, Beclin 1, and light chain 3 protein expressions, [34] suggesting that autophagy plays an important role in regulating particle cytotoxicity. [35] 
TAUOPATHIES IN NEUROLOGICAL DISORDERS
Many neurological disorders are characterized by the deposition of insoluble proteins in cells of the neural system. Clinically, molecular neuropathology has applied a classification system of neurodegenerative diseases based on this protein accumulation. [36] For example, intraneuronal accumulation of tau proteins is considered to be an important hallmark of the development of Alzheimer's disease. [37] Microtubule-associated tau is one protein that has important functions in healthy neurons, but forms insoluble deposits in diseases now known collectively as tauopathies. [38] Overexpression of tau can cause its hyperphosphorylation. [39] In AD brains, hyperphosphorylated levels of tau are around 3-4 times higher than levels in normal adult brains. [40] Tau overexpression in neuroblastoma cells can lead to tau aggregations and the appearance of smaller proteolytic fragments. [41] The degradative mechanisms, such as autophagy, that remove tau from cells are considered to be essential functions for maintaining the brain's health. [41] Autophagosome dysfunction and loss of basal autophagy may lead to neurodegeneration, whereas activation of autophagy can remove aggregated oxidized/diseased proteins. [42] Previous studies showed that autophagy dysfunction was associated with AD. [43] Therefore, dysfunction of removal mechanisms, such as autophagy dysfunction related to tau accumulation in the brain, may be important in explaining the initiation of neurological disorders.
CONCLUSIONS
Epidemiological and toxicological evidence has demonstrated a possible association between neurodegenerative disorders and particulate air pollution. However, the pathophysiology of neurodegenerative disorders such as PD caused by air pollution remains unclear. Aging is an important public health issue worldwide; therefore, attention should be paid to possible risk factors in neurological diseases. Evidence has shown that the elderly may at potential risk of developing air pollution-associated brain dysfunction and damage. It is fundamental and critical to explore causal evidence and pathomechanisms to fill in gaps between current epidemiological and toxicological knowledge regarding air pollution in brain damage. This knowledge should be provided to improve the health of aging subjects.
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